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(54) PERMANENT MAGNET ROTOR 

(57)Abstract: 

PURPOSE: To fix segment magnets on the rotor yoke of a 
permanent magnet rotor, by the structure which has a resistance to 
the high-speed rotation of the rotor and can deal with the increased 
size of the rotor too while the generation of the leakage magnetic 
flux of the rotor is suppressed as much as possible, in the rotor 
wherein the segment magnets are provided respectively in a 
plurality of positions of the outer surface of the cylindrically formed 
rotor-yoke at equal spaces in its circumferential direction. 
CONSTITUTION: On the outer surface of a rotor yoke 21 1, a 
plurality of protruding parts 25, extended in its axial direction are 
provided in a plurality of positions present at equal spaces in its 
circumferential direction, while recessed parts 26 are formed 
respectively between the respective adjacent protruding parts 251. 
Further, with a cover 271 formed of a non-magnetic metallic 
material wherein respective segment magnets 241 are stored 
engagement-wise, the respective protruding parts 251 are engaged. 
Also, over the whole length of the cover 271 extended along the 
axial line of the rotor yoke 21 1, the cover 271 is coupled directly to 
the rotor yoke 211. 
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[0013] 

[Embodiment] Referring to the drawings, embodiments of the 
invention will be described below. 

[0014] Figs. 1 to 3 show a first embodiment of the invention. 
Fig. 1 is a front elevation of a permanent magnet type rotor, Fig. 
2 is a sectional view taken on line 2-2 of Fig. 1, and Fig. 3 is an 
enlarged sectional view showing a fixation structure of a segment 
magnet to a rotor yoke. 

[0015] In Figs. 1 and 2, the permanent magnet type rotor 
includes a magnetic metal rotor yoke 21i, rotor shafts 22 and 23, 
and plural segment magnets 24 u 24 u .... The rotor yoke 21i is 
formed in a cylinder whose both ends are closed. The rotor 
shafts 22 and 23 are coaxially connected to the both ends of the 
rotor yoke 21 1 . The plural segment magnets 24 u 24 u ... are 
evenly fixed and arranged at plural positions in a circumferential 
direction of an outer peripheral surface respectively. 
[0016] Referring to Fig. 1 to 3, plural projections 25 2 , 25 u 
are provided in the outer surface of the rotor yoke 21i. The 
plural projections 25i, 25i, ... extend toward an axial direction at 
the plural positions in the circumferential direction of the outer 
peripheral surface. Recesses 26, 26, ... are provided between 
the projections 25i, 25 u ... respectively. Each of the segment 
magnets 24 i? 24 l5 ... is formed in a rod whose cross section is 



formed in a rectangle. Each of the segment magnets 24 x , 24i, ... 
is positioned and fixed onto each of the projections 25i, 25i, ... 
by individually-corresponding covers 27 x , 27i, .... 
[0017] The cover 27i includes a pressing plate portion 28, side 
plate portions 29 and 29, and flange portions 30 and 30. The 
cover 27i is formed in a substantially U-shape, and the cover 27i 
is made of a non-magnetic metal material. The pressing plate 
portion 28 abuts on the outer surface side of the segment magnet 
24! on the projection 25i. Each one end of the side plate 
portions 29 and 29 is connected to each of both side ends of the 
pressing plate portion 28 through each of connection portions 31 
and 31 so that the side plate portions 29 and 29 abut on the both 
side-faces of the segment magnet 24 1 and the both side-faces of 
the projection 25i. The flange portion 30 is connected to each of 
the other end of the side plate portions 29 and 29, and the flange 
portion 30 abuts on a bottom of the recess 26. The projection 
25i can be fitted in the cover 27i, in which the segment magnet 
24i is fitted and accommodated, until the flange portions 30 and 
30 abut on the bottoms of the recesses 26 and 26. An aluminum 
alloy, stainless steel, and the like are used as the non-magnetic 
metal material forming the cover 27i. For example, 
INCONEL625LCF (trade name) is preferably used. 
[0018] The connection portions 31 and 31 which connect the 
pressing plate portion 28 of the cover 27i and the side plate 
portions 29 and 29 are formed so as to have an arc shape 



expanded toward the outside in the cross section. When the 
projection 25i can be fitted in the cover 27i in which the segment 
magnet 24 1 is fitted and accommodated until the flange portions 
30 and 30 abut on the bottoms of the recesses 26 and 26, the 
connection portions 31 and 31 are bent. Therefore, the pressing 
plate portion 28 exerts elastic force in a direction in which the 
segment magnet 24 1 is pressed toward the projection 25i side, 
which allows the pressing plate portion 28 to abut on the segment 
magnet 24 x . 

[0019] Corner portions face the connection portions 31 and 31 
of the segment magnet 24 x is rounded in the arc shape in order to 
prevent a crack from generating in the segment magnet 24 x . 
Further, in order to avoid stress concentration in the corner 
portion by a difference in thermal expansion between the segment 
magnet 24i and the cover 27i, gaps 32 and 32 are provided 
between the connection portions 31 and 31 and the corner 
portions of the segment magnet 24i. 

[0020] The plural covers 27 u 27i, ... in which the segment 
magnets 24 1? 24 1? ... are fitted and accommodated respectively 
are welded in the recesses 26, 26, ... of the rotor yoke 21 x while 
the projections 25i, 25i, ... are fitted in the covers 27i, 27i, .... 
Namely, in the covers 27i and 27i adjacent to each other, the 
flange portions 30 and 30 are caused to abut on the bottoms of the 
recesses 26 and 26 while side edges of the flange portions 30 and 
30 face each other, and the flange portions 30 and 30 are 



continuously welded in the rotor yoke 21 1 across the total length 
along the axial direction of the rotor yoke 21j by a laser beam or 
an electron beam from a torch 33. 

[0021] In order to secure strength of the welded portion, a base 
end portion of the projection 25i is formed in the arc shape 
projected toward the inside in the cross section, and the 
connection portion of the side plate portion 29 and the flange 
portion 30 in the cover 27i is also formed in the arc shape so as to 
smoothly come into contact with the based end portion. 
[0022] Then, the working of the first embodiment will be 
described. The segment magnets 24 1? 24 1? ... which are fitted 
and accommodated in the plural covers 27i, 27i, ... made of the 
non-magnetic metal material respectively are connected to the 
rotor yokes 21 1 of the covers 27i, 27i, ... into which the 
projections 25i, 25 u ... are fitted respectively, which allows the 
segment magnets 24 l5 24 l9 ... to be positioned and fixed on the 
projections 25 u 25i, ... respectively. Therefore, the magnetic 
metal does not exist between the adjacent segment magnets 24 1 
and 24i to suppress the generation of a leakage flux as much as 
possible between North and South poles of the adjacent segment 
magnets 24i and 24 1? which allows a decrease in performance 
caused by the generation of the leakage flux to be prevented. 
[0023] Further, across the total length along the axial line of the 
rotor yoke 21 1? the covers 27i, 27 u ... are directly connected to 
the rotor yokes 21 x on the both sides of the projections 25i, 25i, 



... by the continuous laser beam welding or electron beam 
welding. When compared with the prior art (Japanese Utility 
Model Laid-Open Publication No. H3-77247 and Japanese Patent 
Laid-Open Publication No. S60-35946), the covers 27i, 27 a , 
i.e. the segment magnets 24 x , 24 i5 ... can more firmly be fixed to 
the rotor yoke 21i. Therefore, endurance which sufficiently 
endures centrifugal force generated in the segment magnets 24 a , 
24 1? ... by high-speed rotation of the rotor can be secured. In 
the prior art, pressing metals, which are fitted in the recess 
generated between the projections of the rotor yoke to press the 
segment magnets located on the both sides, are screwed in the 
yoke rotor at plural points at intervals along the axial line of the 
rotor yoke. 

[0024] Further, a generation torque of the segment magnets 24 l5 
24 1? ... is directly transmitted from the covers 27i, 27i, ... to the 
projections 25i, 25i, and torque load of the connection portion 
onto the rotor yoke 21i of the covers 27i, 27i, ... can be reduced. 
Therefore, high torque can be transmitted. 
[0025] Further, since the segment magnets 24 1? 24i, ... are 
positioned and fixed onto the projections 25i, 25i, ... by the 
covers 27i, 27i, ... respectively, even if the rotor yoke 21 1 is 
enlarged, it is not necessary to strictly determine dimension 
accuracy of the projections 25 x , 25i, ... and the covers 27i, 27i, 

Therefore, the up-sizing of the rotor can easily be realized. 

[0026] Further, since the covers 27i, 27 x , ... are welded to the 



yokes 21! at the recesses 26, 26, ... between the projections 25i 
and 25i respectively, the adverse affection of the thermal strain 
caused by the welding on the segment magnets 24 a , 24 l5 ... 
located on the projections 25 x , 25i, ... can be avoided to firmly 
fix the covers 27i, 27i, ... to the rotor yokes 21 1 . 
[0027] In the case where the cover 27i is made of austenitic 
stainless steel, because electric resistivity of the austenitic 
stainless steel is low, there is a fear that eddy current loss is 
generated. Therefore, in order to decrease the eddy current loss, 
like a first modification shown in Fig. 4, it is also possible that 
plural holes 34, 34, ... are made in the pressing plate portion 28 
in the cover 27 x . Like a second modification shown in Fig. 5, it 
is also possible that plural slits 35, 35, ... are made in the 
pressing plate portion 28 in the cover 27i. Like a third 
modification shown in Fig. 6, it is also possible that plural holes 
36, 36, ... are made between the pressing plate portion 28 and the 
both side-plate portions 29 and 29 in the cover 27i. 
[0028] Fig. 7 shows a second embodiment of the invention. A 
constituent corresponding to that of the first embodiment is 
indicated by the same reference numeral. 

[0029] The segment magnets 24i, 24 u ... in which one or plural 
positioning recesses 37 are provided on the outer surface side are 
arranged on the plural projections 25 a , 25 i? ... which are provided 
at the plural positions at intervals in the circumferential direction 
of the outer surface of the rotor yoke 21 1 . While the segment 



magnets 24 l9 24 u ... are fitted and accommodated, the projections 
25i, 25i, ... are fitted. In the state of things, as with the cover 
27i of the first embodiment, the positioning projections 38 which 
are fitted into the positioning recesses 37 are provided in the 
covers 27i, 27i, ... welded to the rotor yokes 21 x respectively. 
[0030] According to the second embodiment, in addition to the 
effect of the first embodiment, the segment magnets 24 1? 24 u ... 
can securely be prevented from moving in the direction along the 
axial line of the rotor yoke 21^ 

[0031] Fig. 8 shows a third embodiment of the invention. The 
segment magnets 24 1? 24 1? ... in which one or plural positioning 
recesses 37 are provided on the outer surface side are arranged on 
the plural projections 25 u 25 u ... which are provided at the plural 
positions at intervals in the circumferential direction of the outer 
surface of the rotor yoke 21 x . While the segment magnets 24 2 , 
24i, ... are fitted and accommodated, the projections 25i, 25 u ... 
are fitted. In the state of things, as with the cover 27i of the 
first embodiment, each pair of engaging flanges 39 and 39 which 
engages each both ends of the segment magnets 24i, 24 x , ... is 
provided in each of the covers 27i, 27i, ... welded to the rotor 
yokes 21 x respectively. 

[0032] According to the third embodiment, the same effects as 
for the second embodiment can also be obtained. 
[0033] Fig. 9 shows a fourth embodiment of the invention. In 
the plural projections 25 u 25 u ... which are provided at the plural 



positions at intervals in the circumferential direction of the outer 
surface of the rotor yoke 21i, locking projection portions 40 and 
40 which engage each both ends of the segment magnets 24i, 24i, 
... are provided on the both ends along the axial line of the rotor 
yokes 21i. According to the fourth embodiment, as with the 
second and third embodiments, the segment magnets 24 u 24 u ... 
can securely be prevented from moving in the axial line direction 
of the rotor yoke 21i. 

[0034] Fig. 10 shows a fifth embodiment of the invention. A 
constituent corresponding to that of each above-described 
embodiment is indicated by the same reference numeral. 
[0035] The projections 25i, 25i, ... which extend in the axial 
direction of the rotor yoke 21i are provided at the plural positions 
at intervals in the circumferential direction of the outer surface of 
the rotor yoke 21i while recesses 26', 26', ... are formed between 
the projections 25i and 25i respectively. The projection 25i has 
a trapezoidal shape in the cross section, in which the projection 
25i becomes narrower outward. A width of a leading end 
portion of the projection 25 1 is set larger than the width of the 
segment magnet 24 1 positioned on the projection 25i. 
[0036] On the other hand, the covers 27 u 21 u ... fix the 

segment magnets 24 l5 24 1? ... onto the projections 25i, 25 u 

The covers 21 u 27i, ... include the pressing plate portion 28, side 
plate portions 29' and 29', and the flange portions 30 and 30. 
The pressing plate portion 28 abuts on the outer surface side of 



the segment magnet 24 a on the projection 25 1 . Each one end of 
the side plate portions 29' and 29' is connected to each of the 
both side ends of the pressing plate portion 28 through each of 
connection portions 31 and 31 so that the side plate portions 29' 
and 29' abut on the both side-faces of the projection 25i. The 
flange portion 30 is connected to each of the other end of the side 
plate portions 29' and 29', and the flange portion 30 abuts on the 
bottom of the recess 26'. The side edges of the flange portions 
30 and 30 which face the adjacent covers 27 1 and 27i respectively 
are welded to the recess 26'. 

[0037] As with the above-described embodiments, the segment 
magnet 24^ can securely be fixed to the rotor yokes 21i by the 
cover 27i having the above-described shape. 
[0038] Fig. 11 shows a sixth embodiment of the invention. 
The cover 27i positions and fixes the segment magnet 24 x to the 
projection 25i in the outer surface of the rotor yokes 21i. The 
cover 27i includes the pressing plate portion 28 and side plate 
portions 29" and 29". The pressing plate portion 28 abuts on 
the outer surface side of the segment magnet 24 x on the projection 
25i. Each one end of the side plate portions 29" and 29" is 
connected to each of the both side ends of the pressing plate 
portion 28 through each of the connection portions 31 and 31 so 
that the side plate portions 29" and 29" abut on the both 
side-faces of the projection 25 x . The end portions of the side 
plate portions 29" and 29" are welded to the both sides of the 



projection 25 1 . 

[0039] According to the sixth embodiment, the cover 27i has 
more simple shape, so that the cover 27 x can more easily be 
welded to the rotor yokes 21 a . 

[0040] Fig. 12 shows a seventh embodiment of the invention. 
As shown in Fig. 12, a belt-shape cover 27 b is formed by 
continuously connecting plural cover portions 27a, 27a, ... which 
have the shapes corresponding to the covers 27i, 27i, ... 
described in the above embodiments. The belt-shape cover 27 b 
may be coupled to the rotor yokes 21 a . In this case, the cover 
27 b is entrained about the rotor yokes 21 u in which the segment 
magnets 24 l3 24 1? ... are arranged on the projections 25 u 25i, ... 
respectively, such that the segment magnets 24i, 24 1? ... and the 
projections 25i, 25 1 , ... are fitted in the cover portions 27a, 27a, 
... respectively. The both ends in a longitudinal direction of the 
cover 27 b are continuously welded to the recess 26 of the rotor 
yokes 21x across the total length along the axial direction of the 
rotor yokes 21 2 by the torch 33. 

[0041] Fig. 13 shows an eighth embodiment of the invention. 
A constituent corresponding to that of each above-described 
embodiment is indicated by the same reference numeral. 
[0042] A swaging projection portion 41 extending along the 
axial direction of the rotor yokes 21 2 is provided in the recess 26 
of the rotor yokes 21 1 . The swaging projection portion 41 has a 
groove 42 at the leading end portion of the swaging projection 



portion 41. The groove 42 forms swaging deformation portions 
43 and 43 on the both sides of the groove 42. The projections 
25i, 25i, ... of the rotor yokes 21 x are fitted in the plural covers 
27i, 27i, ... in which the segment magnet 24 1 is separately fitted 
and accommodated. In the state of things, the flange portions 30 
and 30 of the cover portions 27a and 27a adjacent to each other 
are connected to the plastically-deformed swaging deformation 
portions 43 by pressing the swaging projection portion 41 with a 
swaging tool 44 which is fitted into the groove 42 from above. 
[0043] According to the eighth embodiment, the cover 27i can 
firmly be fixed to the rotor yokes 21 x by the swaging. At this 
point, the adverse affection of stress strain caused by the swaging 
on the segment magnet 24 x can be avoided as much as possible. 
[0044] Thus, the embodiments of the invention are described 
above. However, the invention is not limited to the 
above-described embodiments, but various design changes can be 
made without departing from the scope of the invention described 
in the claims. 

[0045] As described above, according to claim 1 of the 
invention, the plural projections extending toward the axial 
direction at the plural positions in the circumferential direction of 
the outer peripheral surface are provided in the outer surface of 
the rotor yoke while the recesses are provided between the 
projections respectively, and the cover is directly connected to 
the rotor yoke across the total length of the cover along the axial 




line of the rotor yoke by fitting each projection into the cover in 
which the segment magnets made of the non-magnetic metal 
material are fitted and accommodated. Therefore, the generation 
of the leakage flux is suppressed as much as possible between 
North and South poles of the adjacent segment magnets, which 
allows the decrease in performance caused by the generation of 
the leakage flux to be prevented. Further, the segment magnet 
can be securely fixed onto the projection while having the 
endurance which sufficiently endures the centrifugal force during 
the high-speed rotation, the torque load of the connection portion 
onto the rotor yoke of the cover can be reduced to transmit the 
high torque, and it is not necessary to strictly determine the 
dimension accuracy of the projection and the cover. Therefore, 
the up-sizing of the rotor can easily be realized. 
[0046] According to claim 2 of the invention, in addition to the 
configuration of claim 1 of the invention, each projection is fitted 
into the plural covers in which the segment magnet is separately 
fitted and accommodated, and the side edges of each cover are 
welded to the rotor yoke on the both sides of each projection. 
Therefore, the adverse affection of the thermal strain caused by 
the welding on the segment magnets can be avoided to firmly fix 
the covers to the rotor yokes. 
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